The study was conducted to examine the maize residue practices and its impact on productivity, profitability on succeeding crop and farmers' livelihood. A total of 60 farmers from Ghoraghat upazila of Dinajpur district were selected randomly for data collection. Descriptive statistics (i.e., sum, average, percentages, ratios, etc.), profitability analysis and logit model were employed to achieve the objectives. In case of pattern of maize residue retention, whole retention method was the highest and it was 78.2 percent. The whole retention of maize residue was found higher in far distance plots from homestead and it was 82.8 percent. The highest utilization of maize residue was identified as organic fertilizer and it was 82.2 percent. Due to maize residue practices, both crop and livestock were benefited through resource interdependences. The productivity, profitability and annual income of succeeding crop i.e., Aman rice were higher due to maize residue practicing. The result of logit regression model shows that the farm size, age of household head, farm income and non-farm income were found as significant variables in explaining the maize residue adoption. The access on human capital, social capital, financial capital, natural capital and physical capital were increased by 23.5, 22.7, 26.7, 10.6 and 18.8 percent, respectively due to the practice of maize residue in comparison to traditional farming. The study recommended that farmers could enhance their livelihood if they get proper training facilities and extension services for maize residue management.
Introduction
Bangladesh is a small developing country where most of the people earn their living from agriculture. Maize is the third most important cereal crop in Bangladesh, after rice and wheat. It is a major cash crop, and is one of the major sources of employment, especially for smallholders and women. Maize is most commonly used in the poultry and fish feed industries for baking and other foods for human consumption. The nutritional value of maize, its economic importance and incredibly diverse uses are significant not only in Bangladesh, but across every region of the world. Maize cultivation is being rapidly expanding both in Rabi and Kharif season. In 2012-13 cropping season, it was grown on an estimated area of 580 thousand acres with an annual production of 1548 thousand metric tons (BBS, 2013) . The developed countries are capable to deal with low soil fertility through supply of nutrients in sufficient amounts as chemical fertilizers. However, this is not possible because of the high costs of fertilizers in many countries. As a result, farmers use both the available organic sources and the affordable amount of chemical fertilizers to cut down the high cost of chemical fertilizers for higher crop yields. However, due to energy shortages, increased fertilizer cost, deterioration of soil health and environmental concerns, the use of organic manures has again become important (Yaduvanshi, 2003) . The organic matter or crop residue helps to recycle the nutrients to correct their deficiencies. Studies indicated that use of organic sources can help to maintain a better N:P ratio and higher yield (Bakhtiar et al., 2002 and Khanam et al., 2001) . Crop residues are materials left in an agricultural field or orchard after the crop has been harvested. These residues include stalks, stems, leaves and seed pods. Maize residue is mainly consisted of straw, husks, skins and trimmings, cobs and bran. Crop residue plays an essential role in nutrient recycling to improve soil quality and ensure higher level of crop productivity. It can be composed by various methods on the farm itself and used there in the field for mulching. Incorporation of residue in the field alters the soil environment, which in turn influences the microbial population and activity in soil and subsequent nutrient transformations. Crop residue helps to reduce water and wind erosion, save irrigation water and fertilizer, increase plant available moisture, improve soil fertility condition and enhance crop productivity. Crop residues are either harvested as fuel, animal bedding or are burnt in the field. So, crop residue management is the best alternative to increase the productivity with maintaining the soil quality.
Conventional agronomic practices cannot meet the triple objectives of (i) producing enough food for the burgeoning population, (ii) minimizing agriculture induced degradation of natural resources, and (iii) maintaining environmental quality and ecosystem services. Crop residue offers sustainable and ecologically sound alternatives for meeting the nutrient requirements of crops, and improving soil and environmental quality. At this stage, crop residue increases the yield of crop production. To feed the increased population of Bangladesh, there is no option but to manage crop residue properly. A few studies concerning specific aspect of crop residues have been performed by different researchers which are: Shafi et al. (2007) reported that crop residues incorporation significantly increased grain yield of maize compared with the residues removed treatment; Burgess et al. (2002) reported that the production of maize returns large amounts of residues to the soil at the harvest and improves soil quality; Pretty et al. (2002) explored the possibility of using of plant products such as crop residue (e.g., maize cobs, cereal straw, rice husks) or wastes (e.g., chicken manure) for combustion in electricity generation through smallscale gas turbines among potential fields to explore for this purpose; Krishna et al. (2004) conducted study on rice residue management options and effects on soil properties and crop productivity and found that proper management of residues can warrant the improvements in soil physical, chemical and biological properties and sustain productivity of rice-wheat cropping system; Singh et al. (1998) reported that retaining crop residue often improves the capacity of soil to store water and could be improve crop yield; Larson et al. (1972) showed that different types of crop residues such as maize stover, oat straw, alfalfa, saw dust and brome grass had highly effects on soil organic matter content; Latham (1997) found that crop residues are also used for other purposes, such as to provide vital livestock feeds during long dry seasons, fuel and construction material; Regmi et al.(2002) found that introduction of crop residue in the soil offers the best means to restore carbon in agriculture soils; Timsina et al. (2010) reported that the establishment of maize after rice with reduced or no tillage and retaining of crop residues, could help to conserve soil organic matter and maintain soil fertility if improved nutrient management is practiced.
The above literature review indicates that most of the studies attempted impact of crop residues on soil health and crop yield, impact of incorporation and burning of crop residue, etc. There is no work regarding present status of maize residue practices and its impact on farmers' livelihood in order to formulate policy options. Therefore, the specific objectives set for the study are as: (i) to identify the farmers' perception for the use of maize residue with resource recycling between crop and livestock components; (ii) to calculate the impact of maize residue practice on the succeeding crop productivity and profitability; (iii) to assess the impacts of maize crop residues on farmers' income generation and livelihood pattern; and (iv) to determine the factors responsible for the adoption of maize crop residue practices by the farmers.
Materials and Methods
The study was conducted at different villages of Ghoraghat upazila of Dinajpur district where farmers have been following maize residue practices. Focus group discussions (FGD), field surveys and key informant interviews (KII) were followed to collect primary data and information for farming operations. A total of 60 farmers were interviewed where 30 farmers were practicing maize crop residue and 30 farmers were practicing traditional farming. Data were collected from respondents using structured questionnaire. Secondary data and information from different reports, publications, notifications, etc. relevant to this study were also be collected and analyzed for this research. Two sets of questionnaire were developed, one for farmers who are following maize residue practices and the other one for the farm households involved in traditional practices.
Analytical techniques
Productivity measure: Productivity was measured as the ratio of farm's total output to its input (Huq et al., 1990) . Here, both physical amount and monetary value have been used to measure productivity of maize and the succeeding crop.
Profitability analysis: Profitability of crop production from the view point of individual farmers was measured in terms of gross return (GR), gross margin (GM), net return (NR) and benefit cost ratio (BCR) (undiscounted).
Computation of gross return: Gross return was calculated by multiplying the total volume of production of an enterprise by the average prices (the average of the farmgate price) of that product in the harvesting period (Dillon et al., 1993) . The following equation was used to estimate gross return (GR):
Where, GR i = Gross return from i th product (Tk./ha); Q i = Quantity of the i th product (Tk./ha); P i = Average price of the i th product (Tk./kg); and i = 1,2,3………….n.
Computation of total cost:
Total cost (TC) included variable and fixed cost items involved in the production process. The total cost was estimated as follows:
Where, TC = Total cost (Tk./ha); X i = Quantity of input (kg/ha); A = Area under crop production measured in hector; P x = Per unit price (Tk./kg); and TFC = Total fixed cost of a crop which includes cost of tools, land use cost and interest on operating capital.
Computation of gross margin and net return: Gross margin was calculated by the difference between gross return and total variable cost. Net return was calculated by the difference between gross margin and total cost. That is given below as: GM = GR -TVC and NR = GM − TC Where, GM = Gross margin; GR = Gross return; TVC = Total variable cost; NR = Net return; and TC = Total cost.
Financial profitability analysis: Profitability analysis was calculated by deducting all costs (variable and fixed) from gross return. To determine the net return of succeeding crop, i.e., Aman rice production, the following equation was used in the present study:
Where, π = Net return (Tk./ha); P y = Per unit price of the product (Tk./ha); Y = Quantity of the production per hectare (kg); P xi = Per unit price of the i th inputs (Tk.); X i = Quantity of the i th input per hectare (kg); TFC = Total fixed cost (Tk.); and i = 1, 2, 3, ……….., n (number of inputs).
Benefit cost ratio: Benefit cost ratio (BCR) was estimated as a ratio of gross return and gross cost. The formula of calculating BCR (undiscounted) is shown below: BCR = Gross benefit / Gross cost Determinants for the adoption of maize residue practice: The logit model was estimated to identify the determinants for the adoption of maize residue practice. The implicit form of the model was as follows: Z i = β 0 + β 1 X 1 + β 2 X 2 + β 3 X 3 + β 4 X 4 + β 5 X 5 + β 6 X 6 + U i Where, Z i = The adoption of maize residue of i th farmer; X = Vector of explanatory variables; β 0 = Constant; β 1 , β 2 , β 3 ,…..,β 6 = Vector of parameter estimates; and U i = Error term.
The dependent variable is an indicator variable for the adoption of maize residue practices taking values either 0 or 1.
The independent variables are captured as: X 1 = Household size (number); X 2 = Age of household head (years); X 3 = Farm size; X 4 = Educational level of household head; X 5 = Farm income; and X 6 = Non-farm income.
To address the livelihood patterns of the respondents, the sustainable livelihood framework approach including the asset pentagon (which is composed of five types of capital namely, human capital, social capital, natural capital, physical capital, and financial capital) were followed (DFID, 2000) .
Results and Discussion

Pattern of retention of maize residue
The retention of crops was divided into three groups: wholly retention, partially retention and no retention. Aman rice and maize were cultivated in the study area as main crops. The weather plays an important role for the retention of maize residue. The rainy day after harvesting period increases the percentage of retention of maize residue in the study area. Maximum farmers (i.e., 78.2 percent) used whole retention method while 21.8 percent used partial retention method (Table 1) . 
Retention of maize residue by the distance of plots of the homestead
Whole retention method was highest in case of far distance to homestead for maize which was 82.8 percent and partial retention method was highest in case of no distance to homestead for maize which was 37.6 percent ( Table 2) . 
Utilization of maize residue
Crop residue will be a co-product of grain production where both the grain and the residue have significant value. Several utilization options are available to the farmers for the management of residues which are: animal feed, cooking fuel, incorporation with tillage for organic fertilizer, mulching, burned at field, etc. Table 3 shows that the highest number of households utilized their maize residues as incorporation with tillage for organic fertilizer, which was 82.2 percent. The lowest number of households burned their maize residues at field, which was 1.3 percent. 
Interdependences of maize residue retention and livestock rearing
Maize residues have been used for feeding livestock for many generations and remain one of the cheapest and best ways for winter feeding. Due to maize residue practice, crop and livestock both were benefited through resources interdependences. Table 4 shows the benefit of livestock rearing for maize residue retention and the effects of the plots due to animal rearing. It was found that average milk yield was 1.3 l/day without maize residue situation and with maize residue practice, it was 1.5 l/day.
Without maize residue, calving period was 135.4 days and with maize residue retention, it was 142.6 days. Number of animal was also increased due to maize residue practice. On the other hand, majority of the farmers mentioned that due to animal rearing, crop fields were benefited. They used less fertilizer due to cowdung droppings. Farmers also reported that soil surface becomes loose for livestock rearing. By this way, maize residue retention and livestock rearing are being interdependent. 
Benefits from retention of maize residue
Maize residues are good sources of plant nutrients and are important components for the stability of agricultural ecosystems. Table 5 shows that among the many benefits, 98.2 percent farmers were benefited through improving soil health which was number 1 in rank order, and 33.5 percent were benefited through controlling carbon emission which was number 8 in rank order. 
Impact of maize residue practice on the succeeding crop productivity and profitability
This section shows the impact of maize residue practice on the productivity and profitability of the succeeding crop i.e., Aman rice, as farmers produce Aman rice followed by maize. Table 6 reveals that per hectare yield of Aman rice was found to be 5180.4 kg under the situation of maize residue practice and per hectare yield of Aman rice was 3905.2 kg without the retention of maize residue practice in the study area. Thus, the farmers who are practicing maize residue are more productive. Total cost was estimated at Tk. 52450.4 without maize residue retention; but under residue retention, per hectare total cost of Aman rice was estimated at Tk. 58412.3. Gross return per hectare was found to be Tk. 77127.5 without residue practices, whereas per hectare gross return was estimated at Tk. 102312.5 with the situation of residue practices. Note: ** indicates significant at 5% probability level.
Gross margin was estimated at Tk. 33976.6 without maize residue and Tk. 55180.7 with maize residue management. Net returns per hectare were estimated at Tk. 24677.1 and Tk. 43900.2, respectively for the situation of without and with maize residue practices. So, profitability per hectare of maize residue management was higher than the management without maize residue. Table 7 reveals that the overall BCR (undiscounted) of Aman rice farming without residue practice was 1.5 and it was 1.8 for maize residue practice. Note: *** indicates significant at 1% probability level.
Due to maize residue practice, productivity of succeeding crop i.e., Aman rice was increased by the amount of 1275.2 kg per hectare and it was significant at 5% level (Table 6 ). Financial profitability of Aman rice was enhanced by the amount of Tk. 19223.1 and it was also significant at 1% level (Table 7) . Thus, it can be concluded that productivity and profitability from Aman rice production with maize residue retention were higher than Aman rice production without maize residue practice.
Impact of maize residue on income generation
The annual gross income of the sample farmers was estimated by adding the earnings from all incomegenerating activities of the households during the references year 2014. The activities were may broadly be classified into two categories: farm income and non-farm income. It is evident from Table 8 that average annual income of farmers without maize residue management was Tk. 205297.5 and for the maize residue practicing farmers, it was Tk. 225971.4. However, total annual income of sampled farmers was increased by the amount of Tk. 20673.9 due to maize residue management and the impact of having such practice on income was statistically significant which was verified by the value of t-statistics. Source: Authors' estimation based on field survey, 2015. Note: *** indicates significant at 1% probability level.
Factors influencing the adoption of maize residue practice
The result of logit regression model is presented in Table 9 . Six variables were included in the model, which were household size, age, farm size, education, farm income and non-farm income, respectively. Source: Authors' estimation based on field survey, 2015. Note: *** and ** indicate significant at 1% and 5% level of probability, respectively.
Household size
Household size has a negative coefficient but it was insignificant. So, it has a minor impact on adopting maize residue management.
Age of household head
The farmers who are younger, the probability of adopting maize residue is significantly greater than who are comparatively older. If there is one unit increase in age of household head, the log odds ratio of adopting maize will decrease by 1.096.
Farm size
The result shows that the farmers who have large farm size, the probability of adopting maize residue is significantly greater than the farmers who have less farm size. If there is one unit increase in farm size of the farmers, the log odds ratio of adopting maize will increase by 0.406.
Education level of household head
The education level of household head has a positive coefficient which was 0.015 but it was insignificant. So, it has a minor impact on adoption of maize residue practice.
Farm income
The Households which have higher annual average farm income, the probability of adopting maize residue is significantly greater than the lower annual average farm income households. If there is one unit increase in farm level income, the log odds ratio of adopting maize will increase by 1.025.
Non-farm income
The Households which have higher annual average non-farm income, the probability of adopting maize residue is significantly greater than the households which have lower annual average non-farm income. If there is one unit increase in non-farm level income, the log odds ratio of adopting maize will increase by 1.0.
Impact on livelihood pattern of the maize farmer
The asset pentagon approach shows that there is a noteworthy improvement based on different capitals (namely, human capital, social capital, natural capital, physical capital and financial capital) of farm households adopting maize residue practice in comparison to without maize residue practice. Table 10 represents the changing nature of different capitals which reveals that the farmers practicing maize residue had a positive impact on farm households' livelihood patterns in comparison to farmers without maize residue practice. The findings reveal that households practicing residue retention for succeeding crop production have higher income and better livelihood status than those who have not been practicing such. Due to practicing maize residue, remarkable improvement took place in farmers' livelihood where the difference is the highest in financial capital and lowest in natural capital (Table 10) . 
Conclusion
This study concludes that retention of maize residue significantly increased yield and yield components of succeeding crop i.e., Aman rice. Maize residue practice also improves soil moisture, reduce the use of chemical fertilizer and irrigation water. Due to maize residues practice, crop and livestock both were benefited through resource interdependences. Farmers practicing maize residue earn extra money by selling increased amount of milk. The finding of the study reveals that practicing of maize residue is more profitable. The results of logit model exhibit that among six variables, four variables are significant and these are farm size, age of household head, farm income and non-farm income. The income potential is higher under practising maize residue management; as such cultivation normally incurs less expenditure on fertilizer, pesticides and irrigation. The results of asset pentagon approach reveals that there is a significant difference of different capitals between two groups. Therefore, it can be concluded that there is great scope to improve the overall economic condition of farmers in terms of higher income and better livelihood pattern through the maize residue management practice. Finally, the study recommends for arranging relevant training pragramme and providing extension services by the concerned authority for maize residue management properly.
